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Astrobiology concerns itself
with the origin, evolution and
distribution of life in the universe.
Often included with this definition
is life’s destiny. Research in the area
is particularly topical as new data
are continuously available from
surveys of space, including missions
to various solar system bodies. One
of most important questions to
answer in the new millennium will
surely be whether we are alone
within the universe, or even in our
own solar system.
NASA (National Aeronautics and
Space Administration) has several
initiatives in the astrobiology area.
Ames Research Center (http://www.
arc.nasa.gov/) coordinates the
Astrobiology Institute, a consortium
of 11 universities and research
organizations, whose mission is to
conduct research in the astrobiology
area as well as public outreach. The
main goals of the institute fall into
three areas: ‘How does life begin and
develop?’, ‘Does life exist elsewhere
in the universe?’, and ‘What is life’s
future on Earth and beyond?’.
Expertise of the member institutions
ranges from astrophysics to organic
chemistry. NASA also sponsors
research in exobiology
(http://exobiology.nasa.gov/). Here the
prefix ‘exo’ refers to biology outside
of Earth. Additional related NASA
programs include Origins (http://origins.
jpl.nasa.gov/), Specialized Centers for
Research and Training in Exobiology
and also the Origins of Life
(http://exobio.ucsd.edu/NSCORT.htm
and http://www.rpi.edu/dept/phys/
Astro/origin.html). Links to
astrobiology researchers in the UK
may be found at the UK Exobiology
Network site: http://ast.star.rl.ac.uk/
exobiology/.
Several informational sites are
recommended as a warm up to
thinking in astronomical terms. A
vast storehouse of information for all
things astrobiological can be found at
Astrobiology Now (maintainted by
Reston Communications and
endorsed by the National Space
Society; http://www.reston.com/astro/
index.html). The online version of
Ad Astra magazine (literally ‘to the
stars’) is a good place to look for
information (http://www.nss.org/
adastra/), and the Electronic
Astrobiology Newsletter is another
information source (http://www.lyon.
edu/webdata/users/dthomas/marsbugs/
marsbugs.html). For the latest in
space related news, visit the Space
Daily (http://www.spacedaily.com/),
which presents breaking news and
articles highlighting recent scientific
findings. Finally, Space Science News
(run by the Marshall Space Flight
Center; http://science.msfc.nasa.gov/)
has a new feature every day and
many interesting links. For an
overview of the planets and other
stellar bodies, visit links at the
Hawaiian Astronomical Society:
http://www.hawastsoc.org/. 
Searches are currently underway
for exoplanetary life environments.
For example, astronomers have
discovered more than 20 planets near
sun-like stars in the past five years
(http://www.sciam.com/explorations/19
99/041999planets/index.html). The
Terrestrial Planet Finder (http://tpf.jpl.
nasa.gov/), which will be online
within a decade, should provide a
boost in this area. The Terrestrial
Planet Finder will allow planetary
systems up to 50 light years away
to be viewed. Through remote
sensing, it will analyze the
atmospheric composition of planets
as small as Earth, and in so doing
determine whether they could (or
do) support life.
One way to categorize a planet’s
suitability for life is by the presence
of liquid water on its surface. A
habitable zone about a sun can be
defined using this physical condition
(http://astrobiology.arc.nasa.gov/
palebluedot/abstracts/kasting.html).
The outward appearance of a planet
with surface water in a sun’s
habitable zone might yield a ‘pale
blue dot’ similar to Earth viewed
from space.
Although there is but one pale
blue dot in our own solar system, it is
possible that we may discover either
extant or extinct life in our immediate
neighborhood. Water, essential for life
as we know it, appears to be
ubiquitous in the universe (http://sci.
esa.int/pr-doc/thirty-dis25.html), and our
own solar system appears to be no
exception. Water is thought to be
present on the moon and Mars. A
liquid water ocean probably exists
below the frozen surface of Europa
(http://science.msfc.nasa.gov/newhome/
headlines/ast09sep99_1.htm).
Although atmospheric water has been
detected on Titan, it may actually
bear rivers and lakes of methane on
its surface. In many respects Titan
and its atmosphere is anticipated to
resemble early Earth (http://sci.esa.int/
missions/indexf.cfm?typeID=10&page=
main&targetpage=www.estec.esa.nl/
spdwww/huygens/html/titan.html).
Life on Earth has adapted to a
dramatic range of physical
environments, some of which could
overlap those elsewhere.
Extremophilic bacteria are known to
tolerate extremes of salt,
temperature and pH (http://www.
sciam.com/0497issue/0497marrs.html).
Further, the biosphere is now known
to extend to the deep subsurface of
the Earth, as far as 1.7 miles, leaving
open the possibility of life below the
surface of other planets such as Mars
(http://www.sciam.com/1096issue/
1096onstott.html).
In the absence of signatures of
life capable of remote detection,
robotic missions will continue to be
needed to sort out the history of life
in our solar system. A comprehensive
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summary of past, current and future
NASA and European Space Agency
(ESA) missions can be found at
http://nssdc.gsfc.nasa.gov/planetary/
and http://sci.esa.int/categories/
mission/, respectively. Examples are
the current NASA Cassini mission to
Saturn that includes a Titan probe
supplied by the ESA, and the Galileo
Europa mission. Approximately one
robotic mission to Mars will be
launched per year by NASA for the
next five years. 
Pieces of exoplanetary worlds
routinely find their way to Earth in
the form of meteorites. A ‘recent’
occurrence involved the ALH 84001
meteorite (estimated to have made
its way to our planet ~13,000 years
ago). A description of the materials
found and characterized in this
Martian meteorite can be found at:
http://nssdc.gsfc.nasa.gov/planetary/
marslife.html. The Lunar and
Planetary Institute has a site
dedicated to answering questions
and encouraging discussion and
research related to the phenomenon:
http://cass.jsc.nasa.gov/lpi/meteorites/
mars_meteorite.html. Finally, a
fascinating technical dissection of the
meteorite is also available:
http://www-curator.jsc.nasa.
gov/curator/antmet/mmc/84001.pdf.
The best model for
extraterrestrial life, however, is still
here on our planet. One very
informative site is the Tree of Life
(http://Ag.Arizona.Edu/tree/phylogeny.
html), which represents relationships
among terrestrial organisms using
evolutionary trees along with
descriptions and photographs. A
geological and evolutionary timeline
for Earth may be found at:
http://www.talkorigins.org/origins/
geo_timeline.html. That life exists on
Earth, of course, doesn’t require that
it originated here. Panspermia, a
hypothesis that the seed of life is
diffused throughout the universe,
suggests that life might have arrived
from exogenous sources, perhaps in
the form of bacterial spores on
meteorites or comets (http://www.
panspermia.org/bacteria.htm). It is also
possible that the inanimate
ingredients for life arrived during
bombardment of the early Earth’s
surface. Regardless, life’s origin must
still be accounted for, and the need
remains to model the move from
prebiotic chemicals to living
organisms. Views on this subject may
be found in an interview with
Stanley Miller (http://www.
accessexcellence.org/WN/NM/miller.
html), and articles by Christian
DeDuve (http://www.sigmaxi.org/
amsci/articles/95articles/CdeDuve.html)
and Leslie Orgel (http://www.
geocities.com/CapeCanaveral/Lab/
2948/orgel.html).
Certain cosmic calamities could
end life as we know it, such as the
impactof a large asteroid
(http://impact.arc.nasa.gov/index.html).
One way to improve the chance of
our continued survival far into the
future is to spread life around our
solar system. One means of
accomplishing this on a large scale is
to terraform other planets — render
them earth-like by engineering
environmental changes. The
terraformation of Mars is one
possibility (http://www.users.globalnet.
co.uk/~mfogg/zubrin.htm). Life in our
solar system is ultimately constrained
by the inevitable degeneration of our
sun into a red giant, with attendant
destruction of the planets (http://tiger.
chm.bris.ac.uk/cm1/JackMcI/Welcome.
htm). It follows that pursuing our
destiny elsewhere will one day be a
do-or-die proposition. Advanced
propulsion systems akin to a ‘warp
drive’ necessary to accomplish this
feat are being sought (http://www.lerc.
nasa.gov/WWW/PAO/html/warp/
nasalink.htm).
In the interim, the search for
extraterrestrial intelligence can begin
at home or the office, and with it the
opportunity to incrementally
improve the chance that an answer to
our future dilemmas might come
from beyond. SETI@home provides
the opportunity to contribute to the
search for extraterrestrial intelligence
by providing a freely downloadable
program that enables a personal
computer to analyze radio telescope
data as part of a global network
(http://setiathome.ssl.berkeley.edu/).
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